Abstract. The status of the radiative capture and neutron inelastic scattering evaluations for the most important fission products is analyzed. New BROND-3 evaluations are briefly considered. Experiments on the BFS critical assemblies, which can be used to test the available evaluations, are discussed.
INTRODUCTION
The importance of the fission-product neutron cross sections for the analysis of a irradiated nuclear fuel in thermal and fast reactors is well known. Development of advanced nuclear reactors with a higher burn up, but simultaneously with more severe safety criteria, requires more precise evaluations of neutron data than the available ones in data libraries nowadays. As far as the number of fission products being very large the lumped or pseudo-fission-product is usually used in most practical calculations. However, to estimate the cross sections for such a pseudo-nuclide with high accuracy the evaluated data files for more than two hundred nuclei are needed. The number of required files will be even larger if the modern MCNP or similar Monte Carlo codes are applied for the analysis of reactors or spent fuel properties.
Activity of the Russian Nuclear Data Center directed towards improvement of data evaluations for fission products is briefly discussed in the present paper.
NEEDS FOR DATA IMPROVEMENTS
Comparison of JEF-2.2, JENDL-3.2, BROND-2, and FOND-2.1 evaluations for fission products was performed by the WPEC on the basis of the fastreactor standard spectrum [1] . One-group cross sections for individual nuclides were weighted in accordance with their yields in the 239 Pu fission and the effective cross sections for the lumped fission-product were calculated. Discrepancies between different libraries for the one-group capture cross sections do not exceed 10% for most of the nuclides and the mean square deviation for the lumped fission product was about 6%. Such uncertainties of evaluated data seem to be satisfactory for the current requests on nuclear-data accuracy.
During the last ten years the files for the most important fission products were improved in all national data libraries. To estimate better the present status of the fission-product data we performed a similar analysis of the ENDF/-B-VI (rel.8), JEFF-3.0, JENDL-3.3, and FOND-2.2 evaluations. Discrepancies for the radiative capture cross sections have been found much lower than before. In particular the mean square deviation of the capture cross sections for the pseudo-fission product was decreased from 5.9% to 1.6%. The higher capture cross sections belong, as a rule, to the JEFF-3.0 evaluations and the lower ones belong to the FOND-2.2 evaluations. The radiative capture cross section for the lumped fission nuclide is shown in Fig. 1 . Discrepancies between libraries are rather small in the energy range below 1 MeV, which is most important for fast reactors.
For inelastic scattering the mean square deviation of the one-group cross sections achieves now about 7.5% instead of the previous 10%. The inelastic scattering cross sections for the lumped nuclide are presented in the right part of Fig. 1 . Evaluation discrepancies are large enough for both the threshold energies and energies above 1 MeV.
For evaluations of the (n,2n), (n,p), and (n,α) reactions the discrepancies of the one-group cross sections remain considerable. They are about 30% for the (n,2n) and 40-60% for the (n,p) and (n,α) reactions.
The list of the 50 most important fission products, estimated in accordance with a contribution of each nuclide to the lumped fission-product capture cross section, includes isotope chains for ruthenium, palladium, cesium, molybdenum, neodymium, samarium, as well as some separate isotopes of 99 In comparison with ENDF/B-VI and BROND-2 the changes of the inelastic scattering and (n,2n) cross sections in the BROND-3 evaluation are quite essential. At the same time the improvements of the capture cross sections relate mainly to the energy region above 1 MeV, which is not very important for most practical applications.
The discrepancies in the inelastic scattering and (n,2n) cross sections are mainly caused by a limited amount of experimental data for near-threshold energies and also by using models that are too simplified in previous evaluations. A revision of the available evaluations for fission products is carried out now in the frame of the WPEC Subgroup 21 collaboration [2] , the result of which should be an essential reduction of most discrepancies of evaluated data.
TESTING 0F EVALUATIONS ON INTEGRAL EXPERIMENTS
The good agreement of different evaluations does not yet guarantee data reliability, because the evaluations can be based on the same experimental data and rather similar models. For this reason it is very important to test evaluations through independent integral experiments.
The best candidates for those are the critical assembly experiments. The well-known example of such experiments is the CRMF data [3] , which were widely used in testing the capture cross-section evaluations for ENDF/B-V and JEF-2.0. With a similar purpose in 1983-1988 a set of experiments was carried out on the BFS critical assemblies [4] , neutron spectra of which simulate the spectra of fast reactors with different nuclear fuel composition. The main characteristics of the corresponding assemblies are presented in Table 1 .
The reactivity coefficients in the center of the critical assembly were measured by the reactivity perturbation method for small samples of nuclides given in Table 2 . The samples have a high isotopic purity and were chosen in such a way to obtain the data supplemented to the CFRMF results. Uncertainties of the measured coefficients are presented in Table 2 also, and they are lower than in the CFRMF results. For comparison with calculations the reactivity coefficients, related to the boron reactivity, are used. Because the energy dependence of capture cross sections for most fission products in the considered energy region is similar to the boron one, the use of boron as a monitor enables exclusion of some systematic uncertainties connected with neutron spectrum uncertainties, heterogeneous corrections, self-shielding factors, and so on.
Calculations of the neutron flux and the neutron worth for the BFS assemblies have been done with the one-dimensional CRAB code and the ABBN-93 group constants [5] . The corresponding reactivity coefficients and the averaged capture cross sections for the CFRMF spectra were calculated besides the ABBN-93 (ABBN-93 ≡ FOND-2.2) and also with the last versions of ENDF/-B-VI, JEF-3.0, JENDL-3.3, and BROND-3 libraries.
The calculated neutron spectra at the center of BFS assemblies are compared in Fig. 3 with the CRMF spectrum. The analyzed assemblies can be characterized by the parameter
which determines a contribution of neutrons with the energies below 10 keV into the assembly neutron flux.
1.E-04
1.E-03
1.E-02
1.E-01 1.E+00 Neutron energy, eV Values of this parameter are given in the last column of Table 1 , and they will be used as the abscess in the plots given below.
φ(E)
The reactivity coefficients depend on the neutron absorption in a sample, which is proportional mainly to the sum of neutron capture and inelastic scattering cross sections averaged over the corresponding neutron spectrum. Contributions of the inelastic scattering, calculated with the ABBN-93 constants, are given for the studied samples in Table 3 . From comparison of differences between the calculated and measured reactivity coefficients, presented in Figs. 4-6 Eu all evaluations, besides JEFF-3.0, look rather similar, but the obtained fluctuating discrepancies between calculations and measurements indicate, probably, an underestimation of experimental uncertainties. If the corresponding uncertainties are increased about two times, the results of all evaluations will agree reasonably with the measured data. 
CONCLUSION
The analysis of differences between the available evaluations of the neutron radiative capture and inelastic scattering cross sections for fission products allows clarification of nuclides whose revision could be most important for the improvement of data applied for fast-reactor calculations. New BROND-3 evaluations, considered briefly in the present paper, are concentrated mainly on such nuclides.
The integral experiments performed on the BFS critical assemblies, which are supplementary to the well-known CFRMF data, provide a reasonable test of new evaluations and a selection of the best ones, which should be recommended for practical applications. Ag.
